Selective androgen receptor modulators (SARMs) are a new class of molecules in development to treat a variety of diseases. SARMs maintain the beneficial effects of androgens, including increased muscle mass and bone density, while having reduced activity on unwanted side effects. The mechanisms responsible for the tissue-selective activity of SARMs are not fully understood, and the pharmacokinetic (PK)/pharmacodynamic (PD) relationships are poorly described. Tissue-specific compound distribution potentially could be a mechanism responsible for apparent tissue selectivity. We examined the PK/PD relationship of a novel SARM, LGD-3303 [9-chloro-2-ethyl-1-methyl-3-(2,2,2-trifluoroethyl)-3H-pyrrolo[3,2-f]quinolin-7(6H)-one], in a castrated rat model of androgen deficiency.
3303 has potent activity on levator ani muscle but is a partial agonist on the preputial gland and ventral prostate.
LGD-3303 never stimulated ventral prostate above intact levels despite increasing plasma concentrations of compound. Tissue-selective activity was maintained when LGD-3303 was dosed orally or by continuous infusion, two routes of administration with markedly different time versus exposure profiles. Despite the greater muscle activity relative to prostate activity, local tissue concentrations of LGD-3303 were higher in the prostate than in the levator ani muscle.
LGD-3303 has SARM properties that are independent of its pharmacokinetic profile, suggesting that the principle mechanism for tissue-selective activity is the result of altered molecular interactions at the level of the androgen receptor.
Androgens play a vital role in sexual dimorphism, reproduction, and maintenance of the male phenotype. Androgen supplementation increases bone density, lean body mass, and libido in men and women (Behre et al., 1997; Flicker et al., 1997; Snyder et al., 2000; Wang et al., 2000; Davis et al., 2006) . However, widespread clinical use of androgens has been limited because of potential safety concerns (Rhoden and Morgentaler, 2004) . In men, stimulation of the prostate is a significant concern, whereas virilization is a potential side effect in women. Liver toxicity is also a concern, although this is primarily an issue with 17␣-alkylation of steroidal androgens. Steroidal androgens without this chemical modification have reduced impact on liver enzymes or serum lipid levels but must be administered parenterally or topically Wang et al., 2000) .
Selective androgen receptor modulators (SARMs) are androgen receptor (AR) ligands that have tissue-specific effects (Negro-Vilar, 1999) . The ideal SARM would be orally available without stimulatory effects in prostate and skin while maintaining the beneficial effects of androgen treatment. Multiple SARMs have been described, but the precise mechanism responsible for their tissue-selective activity is unknown (Yin et al., 2003; Martinborough et al., 2007; Ostrowski et al., 2007; Page et al., 2008; Piu et al., 2008) . It has been postulated that the selectivity is the result of altered cofactor recruitment. Like other nuclear receptors, AR dimerizes after ligand binding, binds to DNA, and recruits cofactor proteins to initiate transcription. In theory, SARMs place AR in a conformation that is sufficiently different from the native ligands that assembly of the transcriptional complex is altered in a tissue-specific manner. Some evidence exists to support the cofactor hypothesis. Testosterone and dihydrotestosterone (DHT) induce very subtle differences in AR conformation, yet this alters biological activity. Testosterone induces a weaker interaction than DHT between AR and LXXLL coactivator motifs, accounting for a faster dissociation constant (Askew et al., 2007) . Although X-ray crystal structures of SARMs bound to AR reveal conformations quite similar to DHT, subtle differences may affect recruitment of LXXLL motifs and other cofactors that can vary among tissues Ostrowski et al., 2007) . One SARM has been reported to alter AR interaction with GRIP1 in comparison with DHT (Miner et al., 2007 ). The precise cofactors responsible for tissue-selective activity have not been identified.
Plausible, alternative explanations for the tissue selectivity of SARMs exist. Tissue selectivity might be because of differences in tissue distribution of the compounds. For example, relatively greater accumulation of compound within muscle compared with prostate would appear as enhanced muscle activity. The prostate gland is known to contain enzymes involved in drug metabolism and energy-dependent drug transporters. Phase I cytochrome P450 drug-metabolizing enzymes and phase II drug-metabolizing enzymes such as UDP-glucuronosyltransferases are present in the prostate (Obligacion et al., 2006; Barbier and Bélanger, 2008) . The multidrug resistance-associated proteins (MRP) 1-4 and the multiple drug resistance protein (MDR-1) are also expressed in the prostate. It is possible that through metabolic inactivation or active transport, the concentration of a SARM in the prostate might differ appreciably from its systemic exposure. It has been postulated that the lack of tissue-selective activity observed with testosterone is the result of high prostate levels of 5␣-reductase, the enzyme that converts testosterone to the more potent metabolite DHT (Gao and Dalton, 2007) .
Some steroid hormones, including testosterone, are secreted in a pulsatile manner, which suggests that the duration or timing of receptor stimulation may play an important role in determining their biological responses (Veldhuis et al., 2000; Koch et al., 2006) . Cyclic patterns of gene transcription have been described for nuclear receptors in response to cognate agonists (Munck and Holbrook, 1984; Aiyar et al., 2004; Lightman et al., 2008) . These patterns of cyclical transcription are postulated to occur because of depletion of coactivators, recruitment of corepressors, and ligand-induced receptor turnover or receptor stabilization. AR demonstrates stabilization of the AR-DNA binding complex in response to agonists, and it is conceivable that there may be a time component involved in the biological response (Black and Paschal, 2004; Farla et al., 2004) . Subtle variations in the temporal component might lead to altered tissue sensitivity in comparison with the pulsatile secretion of testosterone under normal physiological conditions. These variations might occur in a tissue-specific manner.
There are relatively few publications with correlated pharmacokinetics and pharmacodynamics of SARMs across a range of doses (for review, see Gao et al., 2006) . The pharmacological activity has been described for several chemical series, but pharmacokinetic data have not been published (Hanada et al., 2003; Martinborough et al., 2007; Miner et al., 2007; Ostrowski et al., 2007; Diel et al., 2008; Piu et al., 2008) . More extensive pharmacokinetic data have been published for the aryl propionamide analogs over a limited number of oral and intravenous doses (Kearbey et al., 2004; Chen et al., 2005; Kim et al., 2005) . However, pharmacodynamic data were collected in separate studies using a subcutaneously administered compound (Yin et al., 2003; Chen et al., 2005; Kim et al., 2005) . Thus, it remains possible that pharmacokinetics and tissue distribution of compound could vary with dose administered and route of administration and play a role in the observed tissue-selective pharmacodynamics. We have discovered a nonsteroidal SARM, LGD-3303, with potent activity on muscle but greatly reduced partial agonist activity on the prostate (Vajda et al., 2008) . We evaluated the role of systemic and tissue pharmacokinetics in the selectivity of this SARM in castrated male rats. We report the effects of different exposure profiles on pharmacological activity and the tissue distribution of the compound in relation to its tissue-selective activity.
Materials and Methods

Compounds.
LGD-3303 is a nonsteroidal androgen receptor agonist that binds the androgen receptor with high potency and activates gene transcription (Fig. 1). LGD-3303 has minimal binding or transcriptional activity on related nuclear receptors (Vajda et al., 2008) . LGD-3303 was synthesized at Ligand Pharmaceuticals (San Diego, CA).
Animal Model. Male Sprague-Dawley rats (7-8 weeks old, 200 g) were purchased from Harlan (Indianapolis, IN) and housed two or three rats per cage. A 12-h light/dark cycle was maintained throughout the course of the experiment with lights on at 6:00 AM. Animals were acclimated for a minimum of 3 days before performing any experimental procedures. Animals were fed standard laboratory rodent chow and water ad libitum. The diet contained 1.36% calcium, 1.01% phosphorus, and 2.40 IU/g vitamin D. Rats were anesthetized by isoflurane anesthesia and sham-operated or orchidectomized (ORDX) through a scrotal incision. In all experiments, rats were treated for 14 days. All procedures involving animals were approved by Ligand's Institutional Animal Care and Utilization Committee, and the animals were maintained in accordance with the Guide for Care and Use of Laboratory Animals (Institute of Laboratory Animal Resources, 1996) .
Oral High-Dose Experiment. Rats were sorted by weight, assigned to experimental groups (n ϭ 5/group), and surgery was performed as described above. Experimental groups consisted of LGD-3303 (doses ranged from 0.1-300 mg/kg/day) or vehicle.
LGD-3303 was administered in a suspension of Tween 80, polyethylene glycol-400, and 0.1% carboxy-methyl cellulose in water (0.005:10:89.995%) by once daily oral gavage in a volume of 4 ml/kg. On the 14th day, blood was collected into lithium heparin tubes (Becton Dickinson, Franklin Lakes, NJ) by jugular puncture at 0, 0.5, 1, 2, 4, and 6 h postdosing from the animals in the high-dose groups. Blood was centrifuged, and plasma was stored at Ϫ20°C for pharmacokinetic analysis. On the 15th day, rats were killed by decapitation, and trunk blood was collected, allowed to clot in serum separator tubes (BD Biosciences, San Jose, CA), and centrifuged, and serum was Downloaded from stored at Ϫ80°C for future analysis of serum luteinizing hormone (LH) levels. The wet weights of the ventral prostate, levator ani muscle, and preputial gland were measured at necropsy.
Oral and Infusion Dosing. Rats were sorted by weight, assigned to experimental groups (n ϭ 5/group), and surgery was performed as described above. Experimental groups consisted of vehicle, orally dosed LGD-3303 (0.3-100 mg/kg/day), or constant infusion of LGD-3303 via an osmotic minipump (Alzet model 2ML1; Alzet, Cupertino, CA; doses ranged from 0.01-10 mg/kg/day). Minipumps were surgically implanted in the intrascapular subcutaneous tissue while the rats were under anesthesia for ORDX. After 7 days, rats were anesthetized, and the minipumps were surgically removed and replaced with new minipumps. LGD-3303 was formulated for oral administration as described above and formulated for minipump administration in 50% polyethylene glycol-400:50% dimethyl sulfoxide. On the 14th day of the experiment, blood was collected into lithium heparin tubes (Becton Dickinson) by jugular puncture at 0, 0.5, 1, 2, 4, 8, 12, and 24 h postdosing. Blood was centrifuged, and plasma concentration of LGD-3303 was measured. Rats were killed on the morning of the 15th day, and the wet weights of the ventral prostate and levator ani muscle were measured.
Tissue Distribution of LGD-3303. Rats were sorted by weight, assigned to experimental groups (n ϭ 3/group), and surgery was performed as described above. Rats received either LGD-3303 (30 mg/kg/day) or vehicle by once daily oral gavage. On the 14th day of dosing, rats were killed at 2, 4, or 8 h postdosing by cardiac exsanguination under isoflurane anesthesia. Thirty minutes before necropsy, rats received an intravenous injection of 10 mg/ml high-molecular mass dextran labeled with fluorescein isothiocyanate (FITCdextran, 150 kDa; Sigma-Aldrich, St. Louis, MO) at a volume of 2 ml/kg body weight. Extravasation of large-molecular mass FITCdextran is slow, and it serves as a marker of blood volume for acute studies.
Luteinizing Hormone Immunoassay. Serum samples collected at necropsy were assayed for LH with a double antiserum procedure using reagents from the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK; National Hormone and Peptide Program, Dr. Parlow, Torrance, CA). In brief, samples and standards (NIDDK-rLH-RP-3) in a total volume of 200 l were incubated at room temperature for 2 to 3 days with 100 l of primary antiserum (rabbit NIDDK-anti-rLH-S-11) diluted 1:100,000. Thereafter, 100 l of 125 I-labeled LH (MP Biomedicals, Irvine, CA) diluted to 200,000 to 300,000 cpm/ml was added to the tubes and incubation continued for an additional 24-h period. Bound hormone was separated from free hormone by precipitation with a specific goat anti-rabbit serum (Antibodies Inc., Davis, CA). For this purpose, 50 l of 4% normal rabbit serum was added to each incubation tube, after which an additional 50 l of a 1:10 goat anti-rabbit serum solution was added. The tubes were vortexed and incubated overnight at 4°C. The assay was terminated by centrifugation, the supernatants were decanted and discarded, and the pellets were counted in a 10-channel gamma counter. The assay has a minimal detectable amount of 0.001 ng/ tube, and the intra-and interassay variability is less than 10%. To eliminate interassay variability, all samples from a single study were run in the same assay.
Quantitation of LGD-3303 in Plasma and Tissue Samples. For the determination of plasma concentration, the standard solution of LGD-3303 was spiked in blank rat plasma; calibration standards were constructed from 0.001 to 10 g/ml; and 50 l of calibration standard and 50 l of plasma samples were extracted by the protein precipitation method using 250 l of acetonitrile containing LGD-2226 as an internal standard (Miner et al., 2007) . After centrifugation, the supernatant was analyzed for LGD-3303 via liquid chromatography (LC) followed by tandem mass spectrometry. LGD-3303 inhibits the effects of ORDX on levator ani weight at a dose of 1 mg/kg/day and significantly increases muscle weight above the eugonadal level at higher doses.
LGD-3303 suppresses serum LH to eugonadal levels.
LGD-3303 is less potent on the ventral prostate, maintaining the ventral prostate at eugonadal levels with a dose of 100 mg/kg/day or greater. Quantitation of FITC-Dextran in Serum and Tissue Samples. An aliquot of serum was diluted 1:10 in water. One hundred microliters of the diluted serum was pipetted into a microtiter plate and analyzed in a fluorescence plate reader (Wallac Victor 1420; PerkinElmer Life and Analytical Sciences, Waltham, MA) to determine the FITC-dextran concentration. Blank serum was spiked with FITC-dextran and serially diluted (with blank serum/water, 10:90) to yield a calibration curve. Calibration standards were analyzed on the same microtiter plate as the samples to reduce variability. Serum was protected from light exposure throughout the experimental procedure.
FITC-dextran concentration in the tissue was measured after quantification of LGD-3303 concentration as described above. The remaining tissue and extraction solution were homogenized and centrifuged. One hundred microliters of supernatant solution (acetonitrile/water ϭ 70:30, v/v) was pipetted into a 96-well microtiter plate. Blank prostate and levator ani extracts were spiked with FITC-dextran and serially diluted to yield calibration standards. Individual calibration curves were established for each tissue. Calibration standards were analyzed within the same microtiter plate as tissue samples to reduce variability. Tissue was protected from light exposure throughout the experimental procedure. Serum FITC-dextran concentration and local tissue FITC-dextran concentration were used to estimate residual blood volume within the tissues after cardiac exsanguination. Tissue concentrations of LGD-3303 measured as described above were corrected for residual blood volume.
Pharmacokinetic Analysis. Plasma concentration-time data for each animal were analyzed using WinNonlin (version 5.0; Pharsight, Mountain View, CA) by noncompartmental pharmacokinetic methods (Gibaldi and Perrier, 1982) . The highest observed concentration and the corresponding sampling time were defined as C max and t max , respectively. The area under the plasma concentration time curve (AUC) was calculated by the trapezoidal method, and either AUC 0 -6 or AUC 0 -24 was used in this study. The elimination half-life (t 1/2 ) was estimated from t 1/2 ϭ ln2/, where is the slope of the regression line LGD-3303 (AUC 0 -6 ) increased with dose from 10 to 300 mg/kg/day in ORDX male rats after 14 days of dosing via oral gavage. Despite the increase in exposure, ventral prostate weight never exceeded the levels of sham-operated controls and reached an apparent plateau in pharmacological response.
Time ( that best fits the terminal portion of the log-linear concentration time curve. Statistical Analysis. Data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey's honestly significant difference post hoc test. When necessary, transformations were performed to ensure that variances were homogeneous among groups and that the residuals of the one-way analysis of variance model followed a Gaussian (normal) distribution (Box and Cox, 1964; Box and Hill, 1974) . For the tissue distribution study, concentrations of LGD-3303 in the ventral prostate and levator ani were compared by two-tailed paired Student's t test. Statistical analysis was performed using commercially available software (JMP, SAS Institute, Cary, NC; Microsoft Excel, Microsoft, Redmond, WA). A p value less than 0.05 was considered statistically significant. When possible, data were fitted to a modified four-parameter logistic equation (Ghosh et al., 1998) . All data are expressed as mean Ϯ S.E.M.
Results
Androgen deprivation (ORDX) significantly increased serum LH levels and reduced ventral prostate weight, preputial gland weight, and levator ani muscle weight in male rats.
LGD-3303 completely inhibited the loss of muscle weight with an oral dose of 1 mg/kg/day (Fig. 2) . At higher doses, LGD-3303 significantly increased levator ani muscle weight above eugonadal levels. In contrast, LGD-3303 had greatly reduced potency and efficacy on the other measured endpoints.
LGD-3303 did not maintain eugonadal levels of serum LH at doses less than 10 mg/kg/day. LGD-3303 maintained eugonadal prostate weight only at doses of 100 mg/kg/day or greater and never fully returned the mean preputial gland weight to eugonadal levels at any tested dose (Fig. 2) . In no case did LGD-3303 restore LH, prostate, or preputial gland weights to supraphysiological levels significantly exceeding sham-operated controls. The ventral prostate, in particular, demonstrated a greatly reduced response to LGD-3303. At the muscle normalizing dose (1 mg/kg/day), ventral prostate weight was not significantly increased above the level of ORDX control rats (20% efficacy relative to intact rats). At the highest doses tested, ventral prostate never significantly exceeded eugonadal levels and reached an apparent plateau with minimal increase in prostate weight as dosing escalated from 30 to 300 mg/kg/day. To investigate this apparent plateau in pharmacological activity, we analyzed plasma concentrations of LGD-3303 from the highest dose groups. Exposure to LGD-3303 (AUC 0 -6 ) monotonically increased with dose from 10 to 300 mg/kg/day (Table 1) , although the increases were less than dose proportional. Despite the increase in plasma exposure, ventral prostate weight did not continue to increase above eugonadal levels (Fig. 3) .
Many previous studies with androgens have been performed with subcutaneously injected compounds or compounds administered in a sustained release formulation. To determine whether the tissue-selective activity we observed was related to a different exposure profile and variations in tissue uptake after oral dosing, we examined the role of pharmacokinetic exposure profile on pharmacological activity. We repeated the oral dosing experiment over a slightly narrower dose range and included a subcutaneously dosed arm within the same experiment. Oral dosing led to a rapid increase in plasma exposure levels, with a t max near 2 h and a C max increasing with dose administered (Fig. 4; Table 2 ). AUC 0 -24 similarly increased with dose administered. The elimination phase (t 1/2 ) was relatively consistent across dosed groups (Table 2 ). Subcutaneous dosing via osmotic minipump yielded a much different profile. After minipump dosing, plasma concentrations were constant throughout the 24-h period, and plasma concentration increased with dose administered (Fig. 4; Table 2 ). When equivalent doses were compared between the two dosing routes, a clear and distinct difference could be observed. Oral dosing led to a higher C max (approximately 3-fold greater) than minipump dosing, yet AUC 0 -24 was comparable by both routes at doses from 1 to 10 mg/kg/day (Fig. 4) .
Despite the difference in exposure profile, the tissue-selective activity of LGD-3303 was unaffected by route of administration. By both routes, LGD-3303 significantly increased levator ani muscle weight above eugonadal levels at high doses while not stimulating ventral prostate weight above eugonadal levels (Fig. 5) . At the dose and AUC 0 -24 that restored levator ani to eugonadal levels, ventral prostate was maintained at less than 50% of intact controls by both routes of administration. The one major effect of subcutaneous constant infusion dosing was to increase the potency of the compound. Continuous infusion maintained levator ani and ventral prostate at eugonadal levels with exposures (AUC 0 -24 ) of approximately 0.065 and 0.56 g ⅐ h/ml, respectively. In contrast, exposures of approximately 0.20 and 2.4 g ⅐ h/ml were required to maintain eugonadal levels after oral dosing.
We also investigated the local tissue concentration of LGD- jpet.aspetjournals.org 3303 to determine whether differential drug distribution played a role in the tissue-selective pharmacology. Consistent with our earlier experiments, an oral dose of 30 mg/kg/ day significantly increase levator ani above eugonadal levels but maintained the ventral prostate at only 53% of eugonadal levels (Fig. 6 ). For ventral prostate and levator ani, local tissue concentrations of LGD-3303 increased slightly from 2 to 4 h and substantially declined by 8 h, a pattern similar to the serum concentration. At all time points, local concentration of LGD-3303 was greater in the ventral prostate than the levator ani (Fig. 6) . The difference was statistically significant at the 2-h time point.
Discussion
LGD-3303 is a tissue-selective androgen receptor agonist that stimulates muscle anabolism to supraphysiological levels.
LGD-3303 has greatly reduced activity on the prostate and reaches a pharmacological plateau, never increasing prostate weight above eugonadal levels. In rats with established hypogonadism, the tissue-selective effects are even more pronounced as LGD-3303 failed to restore ventral prostate to more than 50% of eugonadal levels at doses that had robust effects on muscle and bone (Vajda et al., 2008) . This is in strong contrast to testosterone, which hyperstimulates both prostate and muscle in castrate rats with similar potency whether administered at the time of ORDX (Martinborough et al., 2007; Miner et al., 2007) or after androgen deprivation and hypogonadism has been established (Ostrowski et al., 2007; Vajda et al., 2008) . The plateau in prostate activity is unique among androgens and demonstrates a true partial agonist activity. Other SARMs have varying degrees of tissue-selective activity, but some increase prostate weight above eugonadal levels at high doses Ostrowski et al., 2007) , whereas others have been evaluated over a very narrow dose range, making it difficult to assess the partial agonist activity (Diel et al., 2008; Page et al., 2008; Piu et al., 2008) . Pharmacokinetic data from these studies have not been published, making it difficult to confirm that partial agonist activity is not an artifact of saturated compound exposure. Pharmacokinetic data that are available were obtained in separate experiments that used different dosing routes (Kearbey et al., 2004; Chen et al., 2005; Kim et al., 2005) . One of the strengths of this study is the broad dose range, characterizing the effects of LGD-3303 over a 3-log interval. Throughout the entire dose range, LGD-3303 maintains greater efficacy on muscle rather than prostate. We have characterized the pharmacokinetics of LGD-3303 at high doses and observed that the plateau in prostate activity cannot be the result of saturated exposure because concentrations of LGD-3303 in the systemic circulation continued to increase through 300 mg/kg/ day. In addition, these partial agonist effects occur at doses that significantly increase muscle weight above intact levels. This is an important observation because previous studies have claimed partial agonist activity of SARMs without displaying a clear plateau in pharmacological activity and have not examined the compound exposure within the experimental animals.
Studies demonstrating a lack of tissue selectivity by testosterone have been performed by subcutaneous administration using either daily injection (Miner et al., 2007) or constant infusion (Yin et al., 2003) , both of which can lead to different pharmacokinetic profiles and alterations in the endogenous circadian rhythm of testosterone. To investigate the potential role of pharmacokinetics and diurnal variations on tissue selectivity of LGD-3303, we administered LGD-3303 by two different routes, once daily oral gavage or sustained release in a minipump. The oral route produced a much higher C max but a similar AUC, indicating that the majority of the compound exposure occurred at the beginning of the day with compound exposure steadily decreasing LGD-3303 was administered for 14 days by once daily oral gavage or by continuous infusion via a subcutaneously implanted osmotic minipump. Ventral prostate and levator ani muscle weight were measured at the end of the experiment. The route of administration did not alter tissue-selective activity of LGD-3303. Data are normalized relative to sham-operated intact control rats and ORDX control rats receiving vehicle. The organ weights of ORDX rats were defined to be 0% efficacy, and the organ weights of sham-operated rats were defined to be 100% efficacy. Organ weight data for LGD-3303-treated animals were scaled relative to the sham and ORDX controls allowing for direct comparisons of different organs and dosing regimens. ‫,ء‬ p Ͻ 0.05 versus ORDX controls; ϩ, p Ͻ 0.05 versus sham-operated intact controls by one-way ANOVA. through the remainder of the dosing interval. In contrast, minipump dosing maintained lower peak concentrations but steady exposure throughout the day. The altered dosing regimen did not have any affect on tissue-selective activity. This is particularly important given that pharmacokinetics often vary among species and could be different in humans. A compound with tissue-selective activity based upon pharmacokinetics would be less desirable. Constant infusion did increase potency, suggesting that sustained compound at the receptor will enhance the activation of this pathway. This suggests that sustained release formulations or continuous drug delivery could potentially improve the potency of SARM compounds but would not affect tissue-selective activity.
As a final experiment, we examined local tissue concentrations of LGD-3303 in muscle and prostate. Concentrations of LGD-3303 were higher in the prostate despite reduced activity in this tissue compared with skeletal muscle. This provides compelling evidence that the tissue-selective effects are not the result of tissue-specific exposure but are likely to represent altered interaction at the level of the AR. This is encouraging because it suggests that the tissue specificity will be maintained in humans or other species where the pharmacokinetics of LGD-3303 may differ from that in rats. Although drug-metabolizing enzymes and transporters are present in the prostate, this does not seem to play a role in LGD-3303 pharmacology. This may not be true for steroidal androgens or other nonsteroidal SARMs. The lack of tissueselective activity observed with other androgens such as testosterone could potentially be the result of tissue-selective metabolism or distribution. Testosterone is metabolized to the more potent androgen DHT in the prostate by 5␣-reductase enzymes (Pelletier, 2008) . As a result, DHT levels in the prostate may be higher than in muscle or the systemic circulation. It is conceivable that other SARMs and steroidal androgens have pharmacological profiles unlike LGD-3303 as a result of uneven tissue distribution, and similar evaluation of those compounds would be required to make a full comparison with LGD-3303.
In conclusion, we have demonstrated that LGD-3303 is a full agonist on muscle with partial agonist activity on the prostate. The partial agonist activity is not the result of saturated exposure, tissue-specific compound distribution, or alterations to the normal circadian rhythms of androgen exposure. The tissue selectivity of LGD-3303 is probably the result of altered interactions at the level of the AR. 6 . Concentration of LGD-3303 in the ventral prostate and levator ani muscle after 14 days of dosing via oral gavage in ORDX male rats. Separate groups of rats (n ϭ 3) were killed 2, 4, or 8 h postdosing, and levator ani and ventral prostate were collected. Concentration of LGD-3303 was determined by LC/tandem mass spectrometry after acetonitrile extraction. LGD-3303 concentration was higher in the ventral prostate than the levator ani muscle despite a greater effect of LGD-3303 on muscle weight than ventral prostate weight. 
